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Introduction
Over the past 30 years the prevalence of obesity has substantially increased in high-income countries (Yach, Stuckler, and Brownell 2006) . The diffusion of "fast food restaurants" resulting from rapid global market integration (Hawkes 2009 ) and trade liberalization policies (Thow and Hawkes 2009 ) seems to be one of the key contributing factors behind the sharp rise of obesity. Trade liberalization policies, in particular, have contributed to increase both exports of domestic goods and imports of foreign products and the opening of national markets to foreign investment. These reforms, strongly promoted by international financial institutions such as the World Trade Organization (WTO) (Rayner et al. 2007 ) have been, and still are, particularly instrumental in promoting the growth and power of transnational food companies (TFCs) (Hawkes 2009 ). The rising dominance and economic power of TFCs, the global spread of supermarkets and fast food companies such as McDonald's and Subway have produced dramatic changes in people's dietary patterns. A study by Bowman and colleagues, for example, estimated that, in the US, almost one third of young people now eat at a fast food restaurant on any given day (Bowman et al. 2004 ). This can further increase the prevalence of obese and overweight adults in the future. A number of studies have, in fact, shown that consumption of items frequently sold in "fast food" restaurants such as hamburgers and French fries is positively related with body weight (French, Harnack, and Jeffrey 2000; Jeffrey and French 1998; Prentice and Jebb 2003) .
Although a growing number of studies have examined the association between the availability of fast food outlets and obesity (Fraser et al. 2010) , only a few of them have analyzed the cross-national correlates of obesity (Offer, Pechey, and Ulijaszek 2010; Rabin, Boehmer, and Brownson 2007) . In this article, we examined the association between the density of Subway's restaurants and the prevalence of obesity in men and women in 26 advanced economies. Subway is expected to overtake McDonald's as the world's largest fast-food chain in terms of outlets (Business-Week 2009).
Methods

Design and data sources
In order to study the relationship between the density of Subway's restaurants and the prevalence of obesity by gender in advanced economies, we conducted an ecological, cross-national study of countries with available data on both measures. Of the 34 advanced economies identified according to the International Monetary Fund (IMF) criteria (IMF 2009 ), data on obesity prevalence for men and women and on Subway restaurants were available for 26 countries. Data on the major dependent variable, obesity prevalence by gender (proportion of men and women aged > 15 years with body mass index (BMI) > 30 Kg/m 2 ), were taken from the World Health Statistics, 2009 (WHO 2009 ). The number of Subway's restaurants for each country was obtained from the Subway (Subway) website as of December 2009. Population data for each advanced nation were used to calculate density measures of Subway's restaurants per 100,000 people. This measure was then transformed into a natural log indicator.
Covariates included a list of potential confounding factors that could explain the association between the density of fast food outlets and the prevalence of obesity. They included gross national income (GNI) per capita, proportion of people living in urban areas, the Gini coefficient, motor vehicles and internet users. Data on gross national income per capita (converted to international dollars $ using purchasing power parities PPP), proportion of people living in urban areas, motor vehicles per 1,000 people and internet users per 100 people were taken from the World Development 
Statistical Analyses
Unadjusted associations between the density of Subway restaurants and the prevalence of obesity separately for men and women were examined by simple linear regression models. Results of simple linear regression models are presented weighted and unweighted for population size. Multivariate linear regressions were used to calculate the standardized beta-coefficients (which equal the correlation coefficients, r) of the cross-national associations between Subway's restaurants per 100,000 people and the prevalence of obesity by gender controlling for covariates. A major concern for these multivariate analyses was the degree of multicollinearity between highly correlated predictors that could potentially result in unstable coefficients and standard errors. As an indicator of multicollinearity, we used variance inflation factor (VIF) values greater than or equal to 10 (Belsley 1991). First, the associations of interest were adjusted for GNI per capita, urbanization and the Gini Coefficient. A second model, where covariates also included motor vehicles per 1,000 people and internet users per 100 people, presented problems of multicollinearity (VIF values for GNI per capita, the Gini coefficient and internet users were higher than 10). We therefore decided to drop the Gini coefficient from the model. Robust standard errors, the so-called "sandwich estimators", were used to account for violations of the normality assumption in linear regressions (Baum 2006 ) Statistical analyses were conducted using Stata 11.0 software (StataCorp LP, College Station, TX).
Results
The results showed that there is a large variation in both the density of Subway's restaurants and the prevalence of obesity across the selected countries (Table 1) . Countries with the highest density of Subway restaurants such as the US (7.52 per 100,000) and Canada (7.43 per 100,000) tend also to have a higher prevalence of obesity in both men (31.3% and 23.2% respectively) and women (33.2% and 22.9% respectively). On the other hand, countries with a relatively low density of Subway restaurants such as Japan (0.13 per 100,000) and Norway (0.19 per 100,000) have a lower prevalence of obesity in both men (2.9% and 6.4% respectively) and women (3.3% and 5.9% respectively).
Scatterplots of data on the density of Subway's outlets and the prevalence of obesity in men and women across the 26 advanced economies are presented in Figures 1A and 1B . Simple linear regression models showed that the density of Subway's outlets per 100,000 was significantly correlated with the prevalence of adult obesity in both genders (=.46; p=0.02 in men and =.48; p=0.01 in women). When the data were weighted by population size, the associations became substantially stronger in both men and women (=.85; p=0.0001 and =.84; p=0.0001, respectively). After adjustment for GNI per capita, urbanization and the Gini coefficient, the size of the associations remained strongly significant in both men (=.61; p=0.001) and women (=.57; p=0.001.) After additional adjustment for motor vehicles per 1,000 people and internet users per 100 people (excluding the Gini coefficient from the model to avoid problems of multicollinearity), the associations still remained significant (=.72; p=0.005 and =.68; p=0.002).
Conclusions
The relationship between the density of fast food restaurants and the prevalence of obesity has received increasing attention in the literature. Several studies have shown that a higher density of fast food restaurants can be an environmental promoter of obesity (French et al. 2000; Jeffrey and French 1998; Prentice and Jebb 2003) . Our findings indicate that the density of Subway's outlets is positively associated with the prevalence of obesity across 26 advanced economies in both men and women. These relationships remained significant after adjustment for GNI per capita, proportion of people living in urban areas and income inequality. They also remained significant in a model that included additional covariates such as motor vehicles per capita and internet users per capita.
Our results must be interpreted with caution. Given the cross-sectional study design we cannot infer causality between the density of fast food restaurants and the prevalence of obesity. Also, the cross-sectional nature of our exploratory study does not take into account the potential time lag between exposure to fast food restaurants and the increase of obesity prevalence. Furthermore, our measure of the density of fast food outlets was restricted to only one fast food chain. Finally, although it is plausible to expect our findings to be relevant for middle-and lowincome countries experiencing the "nutrition transition" as well, our analysis were limited to adult populations of 26 advanced economies only. Data were not available for 8 of the IMF advanced countries including large economies such as South Korea, Taiwan and Hong Kong: their exclusion may have influenced our results.
In spite of these shortcomings, our study provides novel findings of the ecological association between the availability of fast food and the prevalence of obesity in advanced economies. Our findings are consistent with aggregate level studies showing associations between fast food restaurants and obesity prevalence (Block, Scribner, and DeSalvo 2004; Cummins, McKay, and McIntyre 2005; Maddock 2004 ; Reidpath et al. 2002 ). An investigation of 50 US states showed that both the number of residents per fast food restaurant and the square miles per fast food restaurants were significantly associated with state-level obesity prevalence (Maddock 2004 ) . In addition, a recent study showed that countries with market liberal welfare regimes (which are also English speaking) have a higher prevalence of obesity and easier access to fast food (e.g. a lower Big Mac relative price) (Offer et al. 2010 ) than countries with different welfare regimes.
However, our results are inconsistent with findings at the individual level (Burdesse and Whitaker 2004) (Jeffrey et al. 2006) showing no associations between proximity to fast food restaurants and obesity after adjustment for other factors. Some of these studies were affected by a number of shortcomings. One was restricted to low income children under the age of 5 years (Burdesse and Whitaker 2004) . Another relied on self-reported measures of body height and weight and the frequency of eating at restaurants derived from a telephone survey (Jeffrey et al. 2006 ) that can be affected by self-report biases especially among low income groups. This is serious because evidence shows that people of low income are also more likely to be obese (Cummins et al. 2005) . In a recent article, Fraser and colleagues argued that their review of studies investigating the relationship between availability to fast food outlets and overweight/obesity generated "conflicting results." The authors also specified that findings on the ecological associations between the density of fast food outlets and the prevalence of obesity "have, largely, not been verified with the results from studies using individual level data" (Fraser et al. 2010) . It is important to highlight, however, that the aim of ecological level analyses such as the one presented in this article is not to explain individual differences in obesity and increased access to fast food outlets, but societal level variations in environmental factors associated to obesity. The aim of aggregate level studies on the structural correlates of obesity is not to apply ecological level results to individuals and falling into the problem of "ecological fallacy," (Pearce 2000) but to exclusively focus on policy-relevant, societal level determinants of health outcomes. Nevertheless, future policy-oriented research should investigate changes over time in obesity prevalence and the diffusion of fast food restaurants and trade liberalization policies across countries.
Finally, although our results are preliminary and exploratory, they suggest that the diffusion of fast food outlets, and trade liberalization policies promoting their growth and expansion worldwide, may contribute to the obesity epidemic. Our study also raises serious issues about the role of international financial institutions such as the World Trade Organization (WTO) in promoting free trade and food market integration and calls for coordinated political actions to address what we term 'globesization', the ongoing globalization of the obesity epidemic. 
